Abstract: -Most sewage sludge from hospital wastewater treatment plants in Northern Thailand are also being to incinerator and agricultural fields. Land application of hospital sewage sludge has serious effects on environmental. The main goal of this investigation was to find the optimum quality ratio of co-composting with rice straw waste and hospital sewage sludge. The experiments were designed by varying the initial C/N ratio and moisture contents in the range of 25 to 45 and 30% to 70% by w/w., respectively. Composted materials from all treatments were sampled every week and their chemical properties analyzed. All experiments were setup using plastic bins in which air was continuously supplied and the room temperature was controlled at 30 °C. The results clearly showed that the pH and the volatile solid content of composted materials increased with increasing moisture content, whereas this tendency decreased with increasing composting period. The losses of Kjeldahl-N increased when the amounts of sludge in the mixtures increased. The highest C decomposition of 49% occurred in the system at a C/N ratio 35 and 60% of moisture content, with coincided with high-nitrogen content in this treatment. In addition, heavy metals and pathogens were lower concentrations than maximum allowable for final compost for USEPA standards. This demonstrates that co-composting produced from rice straw waste and hospital sewage sludge is feasible for use as soil amendments or fertilizers.
Introduction
Every year, more than 1000 tons of rice straw waste from rice cultivation in northern Thailand is disposed of burning and animal feed. The burning tradition has caused a green house effect. There are variety methods for utilization of rice straw waste such for paper production, wall construction materials, incorporation in soil, composting, energy sources, etc. Competition with other resources prevents the instant use of this agriculture waste for these purposes, however its use is still a remote possibility [15] . Sewage sludge has had serious affects on the environment which sewage sludge is initial and is a preferred alternative to direct discharge of raw sewage sludge into waterways. Many agricultural system utilization have used sewage sludge on agricultural land [24] . This sludge has different characteristics whose composition depends on the original type of the waste water. Hospital sewage sludge in Thailand originates from the hospital wastewater treatment process and is generally burned in incinerators and put on land This sludge is rich in nutrients such as nitrogen and phosphorus and contains valuable organic matter that has valuable agronomic properties. There are also toxic elements and pathogenic microorganisms. As hospital sewage sludge recycling is being increasingly encouraged for use in agriculture, Proper knowledge of the agronomic value of sludge and an assessment of sanitary risks is necessary. Differences in conceptions about environmental protection and the choice of which organisms are used in its protection depends on the range of heavy metal standards for sludge from hospital waste water treatment plants. Toxicity evaluation of sewage sludge by chemical and biological testing is extremely important in screening suitable sludge utilization [16] . The general public may benefit from cost saving resulting from the land application of sewage sludge. The recycling of nutrients has attracted much public support in the USA concerning the environment and resource [23] .
Composting is the most promising way to recycle organic matter from plant residues and agricultural wastes. It can reduce the harmful environmental effects of waste management and result in useful products and is also beneficial to agriculture. This process is natural and uses biological processes for conversion of organic 3rd IASME/WSEAS Int. Conf. on Energy & Environment, University of Cambridge, UK, matter into a stable humus. Aerobic composting is the process where oxygen is essential for microbial activity which uses the Turned Windrow Aeration, a type of turned windrow aeration system. This system is aerated by turning with forced aeration, or by a combination of two. A long record of successful experience has demonstrated the efficacy of this turned windrow aeration system [8] . The production of composting is increasing while solid are progressively losing organic matter due to intensive cultivation and climatic condition [1] .
The aim of this work was to find the optimum quality ratio of co-composting with rice straw waste and hospital sewage sludge and we also wanted detailed in formation on the characterization of hospital sewage sludge which was secondary wastewater treatment, including pathological and heavy metal data in northern Thailand.
Materials and Method

Experimental Setup
Twenty-five experiments were prepared using a variety mixing ratios of rice straw and hospital sewage sludge. Rice straw was collected from Chiang Mai paddy fileds. Hospital sewage sludge was collected from a hospital which has about 800 m 2 drying beds from which hospital sludge used in this study was obtained from the at the wastewater treatment plant. Methods of composting investigated are the turned windrow and aerated pile systems. These systems were selected because of the minimum capital input and operating costs. The amount of sludge used in each of the experiments was prepared at initial C/N ratios 25, 30, 35, 40 and 45. The experiment conditions were controlled at moisture contents of 30%, 40%, 50%, 60% and 70% (weight by weight) in each mixed carbon-nitrogen ratio (C/N). The composting ratios by weight were calculated by the C/N of each component. The mixed C/N ratios of initial composting had various raw materials (Table 1) .
About 5 kg of each mixtures was composted in 50 liter plastic bins (reactors) using the turned windrow aeration system. The reactors were continuously supplied with air through two holes with aluminum tubes and the room temperature was controlled at 30±3°C. The aeration rate was controlled in relation to the temperature in each experiment which was 2.6 -4.3 mg O 2 /hr/g volatile solid (VS) [5] . During composting period, the composting materials were manually turned every 5 days with spade. The seeding for all composting treatments was thermophilic bacteria from Chinmava, Japan that had 2 x 10 8 CFU/g. Samples were taken from the middle of the reactor for analysis of the composted materials' characteristics. These samples were homogenized and reduced in size with a cutter. Parts of the samples were dried and sieved in a cutting mill to a particle size 1 mm. Composted materials from all treatments were sampled once a week and further analyzed for their chemical properties. Table 1 . Characteristics of raw materials for cocomposting in this study. 
Analytical Methods
Temperature inside the reactors were continuously measured and recorded. The pH of samples was analyzed by extracting 5 g of each sample in deionized water at a ratio of 1: 10 (weight by volume), after filtration, the pH was measured using a pH-meter. Electrical conductivity (EC) of same solution was measured using an electrical conductivity meter [3] . The ash content was determined by taking 5 g of dry sample and drying in an oven at 650 o C until a constant weight was achieved (about 6 h) [9] . The total carbon of the composting samples was determined by the dichromate method. The analysis of nitrate-N, ammonium-N and total Kjeldhal nitrogen was followed by the standard method of soil analysis [3] . Heavy metals (Cd, Cu, Cr, Ni, Pb, Zn, Mn, and Fe) and microelements (K, Na, Ca) were determined using a flame atomic absorption spectrophotometer [18] . Total phosphorous was determined colourimetrically as molybdovanadate phosphoric acid [15] . Salmonella sp. bacteria, and Fecal coliform using standard bacteriologic methods [22] .
Statistic Analysis
A statistical of package for social science (SPSS) was used for analysis and a LDS test for means was performed with a Statgraph Program on data obtained at different composting times [26] . A 3rd IASME/WSEAS Int. Conf. on Energy & Environment, University of Cambridge, UK, February [23] [24] [25] 2008 linear regression found the relationships of the chemical properties and One Way ANOVA was used to compare the means of different compost characteristics (minimum for the significance level of P < 0.05).
Results and Discussion
Compost Characteristics
During composting the degradable organic matter and nitrogenous compounds in the compost were being broken down by microorganisms. This process resulted in the release of heat and CO 2 . Temperature directly effects microbiological activity in composting [17] . Microbiological activity resulted in the temperature of the system was to be higher than the ambient temperature. Warm compost exposed to air when turned in a windrow becomes cooler from heat radiation and convection losses to the outside ambient air. Conduction heat transfer occurs when the surface is cold and the inside system is warm. Due to thermal gradients within the compost pile and the porous media, convection gas currents take place resulting in more heat transfer. There were significant differences in the temperature profiles during composting of the low-moisture content and high-moisture content. Samples with low moisture content had the temperature increase above 48 °C in a few days. Samples with high moisture content showed temperatures reaching a maximum of 60 °C. Temperatures at the mature composting stage ranged from 33°C to 35°C after 63 days (Figure 1) . By the end of composting with no more further decomposition is taking place, the chemical properties of composting are stabilized. Consequently, no more heat is released and the temperature drops to an ambient level [21] . The different moisture contents were due to temperature changes throughout the composting period. The pH during composting increased continuously through the active phase in a range of 7.5 to 8.5 and raise rapidly to a range of 8.0 to 9.0 during the termophillic phase. Increases in pH values may have been caused by a relative increase in the ash content and the formation of CaCO 3 during aerobic decomposition [12] . Electric conductivity values reflected the degree of salinity in the compost, indicating its possible phytotoxic, phyto-inhibitory effects on the growth of plant if applied to soil [28] . The electric conductivity in the turned windrow aeration system increased from 100µS/cm to 4950 µS/cm. Electric conductivity of composting increased significantly from day 20 to 60, then gradually stabilized at around 1300 µS/cm to 1490 µS/cm. After that the EC values decreased to lower than3000 µS/cm which should not effect the growth of slightly salttolerant plant spices [27] . The nutrient holding capacity, which can retain nutrients for plant uptake between fertilization periods, was measured by its cation exchange capacity (CEC). The CEC values of composting were in the range of 105 meq/100 g to 145 meg/100 g and increased gradually in the first 3 weeks, but more dramatically between 42 and 49 days of composting period to 220 meq/100 g to 340 meq/100 g. This shows that a high values of CEC in compost lead to high retention against leaching fertilizers during irrigation and provides a buffer when applied to soil [23] .
Organic Matter
The TOC and total Kjeldhal nitrogen (TKN) content decreased during the composting process due to the mineralization of the TKN by microorganisms. In order to optimize the initial Composting of most substrates is characterized by an initial period of rapid degradation followed by a longer period of slow degradation [4] . Table 1 shows that the optimum initial C/N ratio was 35 and the TOC degradation was about 49.12% to 45-75%, weight by weight. The VS reduced to 36.20-43.32% weight by weight after on 63 days of composting. Slight differences in VS valuses and biodegrading ability for the different C/N tests were found. The results of changes in C/N ratios during composting indicated that the largest decrease occurred with an initial C/N ratio of 35. The organic nitrogen concentration (N org ), inorganic forms of nitrogen, ammonium (NH 4 -N) and nitrate (NO 3 -N), were evaluated by the differences between the initial C/N ratio and moisture content in the twenty five mixtures studied. The N org behaved similarly in all mixtures, slightly increasing as the process progressed due to the concentrating effect caused by weight loss associated with mineralization of the organic matter [19] . N org concentration was constant in the range of 1.15-2.65% nitrogen on a dry weight basis after 64 of composting. The inorganic form, ammonium and nitrates were of greater interest since they were more susceptible to changes during composting. The results show that the highest concentrations of ammonium occurred during the first weeks of composting when organic matter degradation was most intense and ammonium was produced though the mineralization of N org [11] . The ammonia rapidly increased in a few days and then leveled off after 21 st days of composting. The highest NH 4 -N concentration was observed after two weeks of composting in which the concentrations were 36.8% to 73.5% and 91.9% to 202% ammonia dry weight basis for moisture content 30% to 40% and 50% to 70% respectively. This is due to the rapid degradation of N org provided by the composting material whose principal source of nitrogen was low molecular weight primary amines from protein degradation products [13] .
Ammonium ions could have been lost through ammonia volatilization as the same mixture had the appropriate conditions of high pH and temperature. Nitrification, as detected by the formation of NO 3 -N, occurred when the temperature of the mixtures fell below 40°C, the intensity of the process depending on the quantity of NH 4 -N available to the nitrifying bacteria. Hence, the high moisture content mixtures, which had a high NH 4 -N content at the end of the thermophilic stage, underwent a higher degree of nitrification, reaching levels of 9.92% and 11.0% NO 3 -N after maturation, whereas the final nitrate concentrations of the other mixtures were lower This nitrification process hardly occurred during the thermophilic phase because of the high temperatures [19] , but occurred mainly during the maturation phase when temperatures were close to ambient. The final C/N ratio indicator for the maturation phase of composting [15] was 20 which all co-composting C/N ratio changes during composting reached maturation after 64 day of composting period.
Agronomic Evaluation
Most users of compost base their evaluation of compost quality as a soil amendment and organic fertilizer on the NPK and heavy metals characteristics of the compost. The concentration of NPK and heavy metals in all composting treatments in this study and USEPA standards is shown in Table 5 .The standard concentration of NPK from our study was high enough for the application of compost when compared with the standard. Heavy metals, such as Cd, Cu, Cr, Ni, Pb, Zn, Mn, and Fe, are normally present in sewage sludge [20] . Since heavy metals may be transmitted in food chains and because of their high toxicity, they present threats to crop production as well as animal and human health. From Table 5 , the concentrations of heavy metals in compost were lower than the limits for from use of sludge for agricultural uses [23] .
The regulations on compost quality proposed by the USEPA for class B sludge, indicate that time/temperature conditions for the inactivation of microorganisms indicate are 30 min. At 60°C reduces fecal coliforms density of less than 3 Log 10 MPN/g. Our composting samples were analyzed for fecal coliforms and Salmonella to evaluate the destruction of each pathogen during composting. Fecal coliform and salmonella concentrations our experiments are presented in Figure 2 . For most of the co-composting samples a long composting period was enough to meet the USEPA criteria. Figure 2 shows that composting process destroyed most of the Salmonella with a residue less than 4 MPN/4g. The results demonstrate that fecal coliform was positively correlated with Salmonella during composting. The fecal coliform was less than 3 Log 10 MPN/g after 49 th days of composting. At the 35 th day of composting, the Salmonella was reduced to less than 3 MPN/4g -1 which was suitable for application. According to Table 2 , by achieving the levels established by the US EPA, the fecal coliforms limit are also met [22] .
Statistical analysis and influence of changes of selected variables on chemical distribution
The correlation matrices of chemical properties with time, moisture content, and initial C/N ratio were explored to determine the influence of these variables on changes in chemical distribution during composting. Chemical redistribution between the fractions also was studied after the compost reached compost. This was indicated by a C/N ratio of less than 20, ammonia nitrogen/nitrate nitrogen ratio of less than 0.05, constant temperature (±5°C) and effluent TOC concentration (±5%). The equation assumption was based on temperature variation which is shown in the equation below [10] :
Where C eff is the initial total organic carbon of composting at time zero (% w/w); C eff is the total organic carbon of co-composting at time t; k is the first order degradation rate constant. The influence of these variables on the bioavilable forms of the chemicals time, moisture content, and initial C/N ratio is calculated in a correlation matrix of all variables by Factor Analysis. The mobile fraction of Influence C/N ratio could be predictable from the TKN, TOC, and initial C/N ratio in compost. The linear correlation between the chemical fractions during composting showed that the C/N ratios indirect correlation with increase TOC and time. The decrease of C/N ratio presents a good relationship with the decrease of TKN (Table 4) . Accordingly, the mobile fraction of fecal coliform could be predicted from the total coliform, pH, and time the compost (Table 5 ). The linear correlation between the bacteria fractions during composting showed that fecal coliform was in direct correlation with increased pH and total coliform. The decrease of fecal coliform presents a solid relationship with the decrease of time. After all factors were known, a factor relation was analyzed by multiple linear regression analysis ( Table 6 ). The influence of the variables (R 2 ) on the chemistry property in composting illustrates the kinetic modeling were optimum with the first order. It was considered that the decomposition patterns of biodegradation of Thermophilic bacteria for composting could be effectively estimated from a first order kinetic analysis, based on a single cycle of turned windrow aeration composting process. 
Conclusions
Sludge is recycled in many countries for agricultural purposes but this re-use must be eliminate risks from pathogens present in the product. Our experiments clearly show that safe compost can be produced according to US EPA Regulations. The pH and the volatile solid content of composted materials increased with increasing moisture content. During the composting period, the maximum carbon reduction rate of composting occurred during the first three weeks of composting. This was caused by the presence of high concentrations of easily degradable organic carbon in the compost. In addition, the initial values of Kjeldahl-N were significantly high in the mixtures with higher amounts of sludge, due to the relatively high nitrogen content of the compost. The amounts of heavy metals in composting were lower than the maximum levels by USEPA, part 503. The concentrations of NPK were high enough for compost use. Finally, the relationships of equation confirm the decomposition patterns of biodegradation of Thermophilic bacteria for composting could be effectively estimated from a first order kinetic analysis.
